
  

  

Abstract—In this paper, we introduce a new class of 

submillimeter robot (ChevBot) for microfactory applications in 

dry environments, powered by a 532 nm laser beam. ChevBot is 

an untethered microrobot propelled by a thermal Micro Electro 

Mechanical (MEMS) actuator upon exposure to the laser light. 

Novel models for opto-thermal-mechanical energy conversion 

are proposed to describe the microrobot’s locomotion 

mechanism. First, an opto-thermal simulation model is 

presented which is experimentally validated with static 

displacement measurements with microrobots tethered to the 

substrate.  Then, stick and slip motion of the microrobot was 

predicted using a dynamic extension of our simulation model, 

and experiments were conducted to validate this model in one 

dimension. Promising microrobot designs were fabricated on a 

silicon on insulator (SOI) wafer with 20μm device layer and a 

dimple was assembled at the bottom to initiate directional 

locomotion on a silicon substrate. Validation experiments 

demonstrate that exposure to laser power below 2W and 

repetition frequencies below 60 kHz can generate actuator 

displacements of a few microns, and 46 µm/s locomotion velocity. 

I. INTRODUCTION 

Autonomous microrobots have been investigated by many 
in the last few decades, for applications in micro and nano 
manufacturing, biology, surgery and in-body exploration. In 
general, microrobots can be classified into those incorporating 
all necessary power, control and sensor infrastructure onboard 
[1] [2] [3] [4]and those that harvest the energy and control 
signals from the environment [5] [6] [7] [8] [9]. Other criteria 
to classify microrobots depend on the intended applications 
and environment. 

For wet liquid environments, magnetic multi-DOF steering 
has gained wide acceptance due to biological compatibility 
and performance [6]. For applications in dry environments, 
such as in microfactories for nanotechnology, an important 
subclass of microrobots are those fabricated using MEMS 
technology on silicon substrate. Regardless the fabrication 
methods, magnetic, thermal, electrostatic, laser, focused light 
and piezoelectric effects are all widely used in microrobot 
actuation for this application. In [4], the authors compared six 
most popular actuation methods in recent research. The 
MEMS electrostatic actuator derives its popularity by very low 
power consumption and reasonable amount of force output, 
these two merits allow many of those designs to realize 
untethered operation. Donald et al. [5] demonstrated a MEMS 
microrobot design driven by electrostatic force on an 
engineered surface. Thermal actuation is also widely applied 
on microrobots, often by bimorph or Chevron actuators [4] 
[10] [11]. Thermal actuators provide high force output while 
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consume highest power among other mechanisms, thus many 
deisigns are tethered to provide power. There were also 
significant advancement in the studies of untethered 
magnetically-powered microrobots [12] [13] [14]. These types 
of the robots can operate in dry or wet environments, reach 
relatively high velocities, move on the a variety of surfaces 
[13] [14], interact with objects [14], and provide excelent 
motion control. However, systems with magnetically powered 
robots include external coils of significant size for magnetic 
field generation, some of the designs require sigificant 
magnetic fields for operation (1–30 mT) [12] [13] [14], and the 
devices have to be fabricated from the ferromagnetic material. 
These factors could be potentially limiting in microfactory 
applications. 

A key limiting factor in advancing microrobot 
technologies with non-magnetic drives is the delivery of 
power. Many microrobots have been experimentally 
demonstrated using tethered power [1], because the reported 
energy harvesters of that size can only provide power below 
µW range. In the case of thermal actuators utilizing bimorph 
or Chevron structures [4] [10] [15] [16], these provide high 
force output but have to be tethered due to their power 
requirements. Direct wireless power delivery to miniature 
robots has several inherent advantages over energy harvested 
and stored on-board. Under this paradigm, the power required 
for the operation of the device is externally provided by a 
dedicated source. The source can also control and 
communicate with the robot, and this greatly simplifies its 
internal structure of the microrobot. 

The use of light or laser power in microrobotics is 
motivated by the availability of lasers with high energy 
concentrations and high directionality. However, its uses have 
been focused on relatively large dimensional scales (a few 
mm) and very small scales (below 10 nm). At the millimeter 
dimensional scale, recent examples of optical actuation 
include the Robofly [17] in which concentrated laser light 
beam provides power to a photovoltaic cell then powers 
actuators and on-board electronics. Optical trapping, is another 
example of actuation using light energy, but in this case very 
small forces, pN level, are generated to actuate objects smaller 
than 10 microns in acqueous media. And thermally driven 
impingement has also been exploited at the sub-millimeter 
scale in dry environments for sub-millimetric flight [7] and in 
liquid media to manipulate biological cells using optically 
actuated bubbles [8]. 

The microrobot proposed in this paper, ChevBot, is a new 
class of MEMS microrobot operating in dry environments, 
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the ChevBot’s motion, a piece of dust (a bright dot in Figure 
10) on the substrate is chosen as the reference point to 
determine the traveled distance. The velocity of the 
microrobot can be estimated by selecting critical frames 
indicating initial and final position points and corresponding 
times – as represented by two frames from Figure 10 where 
displacement is about 283μm and corresponding time interval 
about 6s. 

The calculated velocity of ChevBot was 46.5μm/s which 
is lower compared to the one determined by simulation under 
similar conditions (~56μm/s). This discrepancy could be due 
to the silicon substrate surface quality, dust particles, and the 
model discrepancies. 

VI. CONCLUSION 

An untethered microrobot powered by pulsed laser 
actuation is presented in this paper. The ChevBot is a MEMS 
based microrobot locomote with stick-and-slip motion. 
Wireless actuation of the robot is accomplished by a pulsed 
laser with powers below 2W, frequencies below 60 kHz, and 
microrobot velocities of approximately 46.5µm/s. Results of 
two sets of experiments are presented in this paper designed 
to validate the steady-state and dynamic locomotion regimes 
of the microrobot under varying laser power and frequencies. 
Results show that there is trend-wise agreement between the 
simulation and experiment.  

In future work, we will extend the robot dynamical model 
to include planar (x, y) motions, multiple leg designs, and 
friction/stiction conditions. We will also work on controllers 
to coordinate the motion of microrobot and laser spot, and to 
accomplish controllable trajectories as needed in 
micro/nanomanipulation tasks. 
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